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Analysis of the SSME HPOTP Bearing Inlet Cavity
P. McConnaughey, NASA/MSFC
Analysis of the flow in the Space Shuttle Main Engine (SSME)
high pressure oxygen turbopump (HPOTP) bearing #I inlet cavity
has been completed in support of return-to-fllght. With the
incorporation of several design changes in the Phase II
turbopump, rotordynamic stability of the pumps has been
enhanced, but the durability and life of the LOX-cooled
bearings has decreased. During the post-Challenger SSME
recertiflcatlon, the MSFC bearing team investigated the causes
of limited bearing durability. One topic addressed by this
team was the flow environment upstream of the pump-end bearing
and the effect of seal exit swirl (Phase I labyrinth seal vs.
Phase II damping seal) and a cavity antl-vortex rib on the
bearing environment and llfe. The objective of the present
work was to define the hydrodynamic environment upstream of the
pump-end bearing and determine the effect of seal exit swirl
and the antl-vortex rib on bearing inlet swirl.
The problem was posed as an axlsymmetric cavity flow with the
computational domain extending from the seal exit to the
bearing inlet. This domain was dlscretlzed with 22800 grid
points. Boundary conditions were obtained from a I-D model of
the SSME coolant path. These resulted in an axial Reynolds
number of 297000 and with a seal tip speed of 29,200 rpm. The
inlet Mach number was 0.19 and the problem was solved with the
CMINT code utilizing the Briley-McDonald/Beam-Warming algorithm
with preconditioning to speed convergence at low Mach numbers.
Three parametric cases with inlet swirl of 50% shaft speed
(labyrinth seal), 20% shaft speed (damping seal) and no inlet
swirl were considered. Total CPU time for all analyses was 9
hours on a Cray X-MP with memory requirements of 1.7 million
words.
Computational results indicate large vortical flow structures
in the cavity, with the labyrinth, damping, and no-swirl cases
yielding bearing inlet swirl rates of 14, i0, and 9 percent of
shaft speed, respectively. These small differences are due to
fluid spln-up on the shaft and inner race and indicate that
upstream influences (either inlet swirl or anti-vortex ribs)
have little effect on bearing inlet conditions. When these
results were used as input to the SHABRETH bearing model,
limited durability could not be explained by these small
differences in swirl. Also, based on these results, a proposed
design change for the cavity antl-vortex rib was not
implemented by the SSME chief engineer.
149
https://ntrs.nasa.gov/search.jsp?R=19910001564 2020-03-19T20:06:44+00:00Z
(/)
>-
,.,J
<{
z
.<
>-
m
>
0
F-.
iii
...I
z
m
0
m
<{
LU
rn
ill
_jrr
-J Z
_'-Z
O9
8S _°1 ¢¢__ ¢
- _ g.
• • • • • • "JI • •
m
i
rr
X
iii
E-
rr
0
>
I
Z
>-
>
Z
n"
W
oO
uJ
I
l--
IJ_
0
L_
11
w
IJJ
l--
_J
w
o
150
U)
>-
..I
<
Z
<[
>.
I-ra
>
<[
(J
w
..I
Z
m
0
Z
m
rr
.<
U.i
m
_ z
o_ _
Or)
ooo- _
oO e >o,
Z _ rr._
--- _ LLI C)w, _ ,,,-v
I:1.. m W _
._g]O z
z ,,, n
co n
o_-r--_
o5_° -'"
_ rr
u. C] n
i
I"" • •{/)
:::)
i
¢
I:Z:
_EI_ --_
___ ol I:Z:'_"_::_
_m._--1 130 (_ 0 "_
_/_ _
<'"l _ _:_<_'o/ u)
..J_ --
_ 0
.___ °_ _ -__
.,_-- _ - o
"_ o
g o
I
EP:,
v .Q c-
l-rh
0
&
&
"7
151
mml
X
I-ra
I-
1,1.1
X
m
Z
B
w
m
m
W
m
ILl
,.r
0
0
\
/
\
/
CO
@
@
152
0"I
m,
cO
._,I
153
.-- N
00
E
C
C ,'*
mp_l
,.la
154
4.1 ,._
0'1 >,.
C_
L=.
I_K.I
,,I,a
o.
e_
,.l,a
F_
iml
| ,PI
T.
IU
"d
k
0.
f_.m
4dD
4J I-,q
0
ml:_.
rid3
155
XZ
N-
W
-l
L
-r
g
N
C
O
C
O
U
C
J
6.
C
156 ORIGINAL PAGE IS
OF POOR QUALITY
,1-*
m-i
m-i
6,
<Z
L_
U
e_l
C:
o
E
LJ
U)
m(n
>.
..i
<[
z
<
>-
i.-
m
>
<[
0
I-
u.I
..I
Z
m
0
;[
m
rr
<C
ILl
m
x
0
..1
I I I I
C) 0
(O3811-I) J.::I7NI IDNII:IV38
1'¢ AIIOO73A 71:IIMS
oO
m
m,
157
_-__ 8
o_-r"
_-0_ _
0 o m
ul --r-
I--tr Z
_ o"
u-a
i zZ --
_w
>W "-"
_-1- U.lo_
_ l._w IT
nW _n
• ._ o_
o
'7,
7"
158
U)
>.
..I
,<
Z
<{
>-
I-ra
>
<
0
I-
u.I
..I
Z
m
0
Z
m
rr
<{
Ill
m
I"
0
'<
O.
=S
m
=S
rr
0
0
rr
n
d
z_
LtJO_ _)LtJ
=r'<C
I--._j zCCI--
_z C] LL_Z
_-_ o-_
?_6_: ___8_
z_ z_:_
• •
0
8)
)
159
Z<
Z
0
0
m
_ z
r..)
r_
_x
0
r_r_
Z
r..)
i i I i _
160
